ABSTRACT
INTRODUCTION
Fetoscopic laser surgery (FLS) has become the standard of care for the treatment of advanced-stage twin-twin transfusion syndrome (TTTS), with neonatal survival rates of 70% for both infants and 90% for at least one infant [1] [2] [3] [4] . Despite its success, a major complication of FLS after TTTS is preterm prelabor rupture of membranes (PPROM). A recent systematic review of 1146 TTTS cases undergoing FLS reported an overall PPROM rate of 27% 5 . The individual PPROM rates in the studies included in the review varied from 0 to 53%, and in a case series with more than 100 patients, the PPROM rate ranged from 12 to 30%. The main difficulty in interpreting these rates, however, is that different definitions of PPROM were used in each study. Some authors included only the incidence of PPROM within 2-3 weeks of the FLS procedure [6] [7] [8] or after reaching viability 9 , while others used a gestational age of 36 weeks for defining PPROM 10 . Our previous publications on a different cohort of TTTS patients reported PPROM after FLS prior to 34 weeks in 28-40% of cases [11] [12] [13] [14] . Furthermore, the gestational age at the time of PPROM and the latency period from PPROM to delivery are not reported in many studies [6] [7] [8] [9] [10] 15 . The risk factors traditionally thought to be associated with PPROM after FLS are an increased trocar diameter and the occurrence of membrane separation at the trocar entry site 5, 12 . Neither these, nor other preoperative and operative risk factors for PPROM, have been evaluated objectively in a cohort study.
The objective of this study was to assess the incidence, timing, latency, risk factors and outcomes of PPROM after FLS in a high-volume, experienced fetal center.
SUBJECTS AND METHODS
This was a prospective, observational cohort study of patients who underwent FLS for TTTS at the fetal center at Children's Memorial Hermann Hospital, UT-Health University of Texas Medical School at Houston, TX, USA. The study protocol was approved by the institutional review board and was conducted between September 2011 and June 2014. Inclusion criteria were all patients who underwent FLS at our center during the study period. Exclusion criteria included triplet gestations, monoamniotic twin gestations, cases of dual fetal demise and cases that had selective reduction.
Patients with TTTS who were referred to the fetal center underwent a comprehensive ultrasound examination, including Doppler studies for the diagnosis and staging of TTTS, as described by Quintero et al. 16 . All cases with TTTS Stage II or higher were offered surgical intervention, as were Stage-I cases if they presented with a short cervix or symptomatic polyhydramnios. FLS was performed as in other centers in North America and Europe, using a single 10-or 12-French cannula under local anesthesia in conjunction with intravenous sedation. General anesthesia was used in selected cases, such as when performing a laparoscopy-assisted approach for an anterior placenta 17 or cases of extreme patient discomfort while in the supine position. The entry technique used was either the Seldinger 18 or sharp trocar/cannula method. The placental vascular equator was identified and a diode laser was used to ablate all vascular anastomoses using a selective or sequential selective method 19 . The number and type of anastomoses were documented in each case. Equatorial dichorionization, or the 'Solomon technique', was performed in all cases 20 . Amnioinfusion, using lactated Ringer's solution with 1 g nafcillin per liter of fluid, was performed to improve visualization during fetoscopy, when necessary. At the discretion of the surgeon, a collagen plug was placed into the uterine wall defect caused by the trocar placement, at the level of the membranes, as the operative sleeve was withdrawn at the end of the procedure. All patients had an ultrasound evaluation on the first postoperative day to confirm viability, evaluate Doppler parameters and assess for the presence of membrane separation. Patients returned to their referring physicians for the remainder of their pregnancy and had weekly ultrasound examinations for the first 6 postoperative weeks.
Maternal variables evaluated were age, gravidity, parity, body mass index, tobacco use and history of previous preterm delivery. Preoperative variables evaluated were Quintero stage, gestational age at FLS, placental location, cervical length, percentage intertwin weight discordance, initial maximum vertical pocket of fluid in the recipient twin and Doppler indices of the umbilical artery in the donor twin and of the ductus venosus in the recipient twin. The intraoperative variables assessed were type of anesthesia, cannula diameter, laparoscopic assistance, trocar entry/method, trocar time, laser time, total laser energy, performance of amnioinfusion, amnioinfusion volume, amnioreduction volume, completion of the Solomon technique, number of placental anastomoses, amniotic fluid color and placement of a collagen plug. Postoperative outcomes that were assessed included membrane separation, gestational age at delivery and number of observed live births and neonatal survivors.
As most of these monochorionic-diamniotic twin gestations had non-medically indicated deliveries after 34 weeks, PPROM was defined as rupture of membranes diagnosed clinically ≤ 34 weeks' gestation and prior to the onset of spontaneous labor. The diagnosis of PPROM was made based on the clinical findings by a physician of pooling, ferning and nitrazine testing. When there was no evidence of active labor, fetal distress or maternal infection, PPROM was managed expectantly with the administration of betamethasone, latency antibiotics and magnesium sulfate for neuroprotection, as appropriate. Expectant management of patients with PPROM was undertaken until 34 weeks in our institution, when possible. All data and outcome information were collected prospectively by monthly contact with the patient and/or patient's physician. A single maternal-fetal medicine specialist at the fetal center reviewed all findings and diagnoses.
Statistical analysis
Descriptive statistics are reported, followed by inferential statistics. Normally distributed data were compared using an unpaired t-test. Non-normally distributed data were compared using the Kruskal-Wallis rank test. Categorical data were compared using chi-square analysis or Fisher's exact test, and univariate analysis was used to identify factors with a significant association with PPROM, based on a P-value of 0.1. These variables were then incorporated into multivariate, stepwise (forward and backward with P < 0.1) logistic regression to determine which factors were associated independently with the occurrence of the primary outcome, PPROM. Statistical analysis was performed using STATA v 12.1 (StataCorp, College Station, TX, USA) statistical software.
RESULTS
A total of 166 patients with TTTS presented during the study period and had delivered at the time of analysis. Twelve patients were excluded: nine triplet gestations (two that underwent selective reduction), one case of monoamniotic twin gestation, one of cord occlusion without FLS attempted and one with dual fetal demise prior to FLS. The baseline demographics of the 154 included patients are presented in Table 1 .
The overall rate of PPROM was 39.0% (n = 60), occurring at a mean gestational age of 27.2 ± 4.6 weeks. The median procedure-to-PPROM interval was 46 (range, 1-105; interquartile range (IQR), 13-66) days, and the median PPROM-to-delivery interval was 1 (range, 0-93; IQR, 0-13) day. The mean PPROM-to-delivery interval was 12.1 ± 22.6 days. Latency of labor after PPROM was inversely proportional to gestational age at PPROM. Data are given as mean ± SD, median (range) or n (%). *((Weight of larger twin -weight of smaller twin)/weight of larger twin) × 100. BMI, body mass index; GA, gestational age; PPROM, preterm prelabor rupture of membranes. Table 2 Latency of labor after preterm prelabor rupture of membranes (PPROM), according to gestational age (GA) at PPROM, in 60 patients treated with fetoscopic laser surgery for twin-twin transfusion syndrome -6) Data are given as median (range).
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Delivery within 24 h after PPROM was equally prevalent across all gestational ages, with the exception of PPROM at 24 to 27 + 6 weeks ( Table 2 ). There was no difference in any of the variables between those who had 'early' PPROM and those who experienced it later. It is of note that 50% of patients who had PPROM prior to 24 weeks elected to undergo induction of labor. Maternal, preoperative, intraoperative and postoperative variables were compared between groups with and without PPROM ( Table 3) . Mean gestational age at delivery in patients with PPROM was 29.0 ± 4.5 weeks, and it was significantly lower than in those without PPROM (32.6 ± 3.9 weeks; P < 0.0001). Kaplan-Meier survival analysis showed a significantly earlier gestational age at delivery in the PPROM group (Figure 1 ; P < 0.001).
Using a value of P < 0.1 for inclusion in the multivariate analysis, the only maternal variable found to be associated with the incidence of PPROM was a history of previous preterm delivery (P = 0.03). The preoperative and intraoperative variables that met the criteria for inclusion in the multivariate analysis were the presence of an anterior placenta (P = 0.08), the finding of a shorter cervical length (P = 0.06) and the placement of a collagen plug (P = 0.006). The use of a 10-French cannula was associated with a PPROM rate of 33.3% (19/57) compared with 42.3% (41/97) with the use of a 12-French cannula; however, this difference did not reach statistical significance (P = 0.27).
On multivariate, stepwise logistic regression analysis, placement of a collagen plug was the only variable found to be significantly associated with PPROM (odds ratio, 3.1 (95% CI, 1.2-8.0)).
Both fetal and neonatal survival were higher in patients without PPROM, but these differences were not statistically significant (P = 0.07 and P = 0.08, respectively). There was a significant difference in the survival of at least one neonate, with a higher survival rate in patients without PPROM than in those with PPROM (93.6% vs 81.7%; P = 0.02).
DISCUSSION
The main findings of our study are: (1) PPROM occurred in 39.0% of patients who underwent FLS in our institution; (2) PPROM occurred at a mean gestational age of 27.2 ± 4.6 weeks; (3) the median latency of labor after PPROM was 1 day, with a range of 0-93 days; (4) the occurrence of PPROM led to a decrease in length of gestation; and (5) the only variable significantly associated with an increased rate of PPROM was insertion of a collagen plug.
Although an overall 39% incidence of PPROM was noted, the most important clinical aspect is that 16 (26.7%) of those occurred prior to 24 weeks' gestation, with 50% delivering within 24 h. These eight cases of previable PPROM accounted for almost two-thirds of the cases that resulted in no fetal survivors. With a mean gestational age of 20.7 weeks at the time of FLS, it is likely that PPROM will continue to have a significant impact on fetal loss. Additionally, how our reported PPROM rate compares with those of other centers is unclear, as there have been no standard definitions for reporting the prevalence of PPROM.
Historically, it was thought that fetoscopic entry method, port diameter, length of surgery, amount of manipulation during surgery, presence of an anterior placenta, presence of bloody fluid, operator experience and gestational age at the time of surgery all play a Data are given as mean ± SD, median (range) or n (%). BMI, body mass index; DV, ductus venosus; GA, gestational age; MVP, maximum vertical pocket of fluid; UA, umbilical artery. ) and those without ( ) preterm prelabor rupture of membranes after fetoscopic laser surgery for twin-twin transfusion syndrome (P < 0.001).
role in the incidence of PPROM after FLS. Although a lower PPROM rate was noted in our study with the use of a 10-French cannula as compared with a 12-French cannula, this difference did not reach statistical significance (P = 0.27). The use of a 9-French cannula may further reduce the PPROM rate, but this would limit the use of larger fetoscopes, which have better optical resolution, and thus may lead to an increased rate of missed anastomoses. This, in turn, would possibly increase the rate of recurrent TTTS and twin anemia-polycythemia sequence.
The fact that membrane separation was not significantly associated with the incidence of PPROM was an unexpected finding. This could be secondary to the lower incidence of membrane separation noted in the current study (9.1%) as compared with our previous cohort study (19%) 12 . In our previous study, a single experienced examiner performed all postoperative evaluations, while in the current study there were numerous sonographers performing the evaluations. It is possible that cases of minor membrane separation were missed and thus not reported.
Similar to the findings of this current study, our previous publication evaluating a separate cohort of patients, none of whom was included in this analysis, also demonstrated a non-statistically significant increased rate of PPROM after placement of a collagen plug as compared with those who did not have a collagen plug (39% with plug vs 34% without plug; P = 0.42) 13 . In our institution, collagen plug placement is at the discretion of the operating surgeon, but it is generally placed for entry-site bleeding in laparoscope-assisted cases, after excessive cannula manipulation and if the entry site is close to the placental edge. These factors may independently or collectively increase the risk of PPROM and help explain our current findings. Although our data demonstrated no independent association between a laparoscopic approach and the incidence of PPROM, further study is needed to evaluate this. Since our analysis of these data, we have stopped using collagen plugs in our institution.
The differences noted in fetal survival to birth and the overall neonatal survival between PPROM and non-PPROM groups did not reach statistical significance. This warrants further investigation, as our sample size may have resulted in a Type-II error. Our data did, however, demonstrate a decreased incidence of survival of at least one neonate when PPROM occurred.
PPROM remains the Achilles heel of all fetal surgical procedures. The traditionally held belief that PPROM is affected by operative technique is not supported by the data from our present cohort. Operative factors may still play a role to some extent, but in an experienced, high-volume center using current fetoscopic instruments and a uniform approach to fetoscopic surgery, we did not demonstrate a significant difference in the incidence of PPROM related to any specific operative factor, with the exception of the placement of a collagen plug.
It has been shown previously that a learning curve exists for FLS that is correlated with improved outcome 21 . One explanation for our results is that the surgeons in our center have achieved a level of experience that minimizes the impact of surgical technique. Future improvements in operative equipment and technique, for example smaller scopes and ports, may further decrease the risk of PPROM, but attention must also be given to other factors. Specifically, evaluation of the uterine and amniotic environment for endocrine and hormonal risk factors that may be altered by TTTS needs to be undertaken 22 .
The main limitations of the study were that follow-up and management of many patients relied on external physician evaluation, it was a single-center study and the sample size may have resulted in Type-II errors. Additionally, our definition of PPROM does not differentiate cases of PPROM resulting from FLS and cases of spontaneous PPROM, although a reasonable assumption is that the closer to FLS that PPROM occurs, the higher the probable correlation.
The strengths of this study are that all operations were performed by experienced surgeons using a uniform operative technique, PPROM was clearly defined, all patient follow-up results were reviewed by a single physician to ensure the accuracy of the information and complete follow-up information was available. The study also evaluated the effect of individual surgical parameters as they relate to the incidence of PPROM.
In conclusion, PPROM remains a significant complication of FLS for TTTS, increasing prematurity by 3.6 weeks. The latency period of PPROM after FLS was 2 weeks, but 50% of patients delivered within 24 h. None of the variables previously thought to be associated with PPROM after FLS was found to be significantly associated with this complication. The only factor associated with an increased risk of PPROM in our cohort was the insertion of a collagen plug. Other etiologies and mechanisms of PPROM after FLS should be explored.
